How Gossip Propagates 
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We study different mechanisms of gossip propagation on several network topologies and introduce a new 
network property, the "spread factor", describing the fraction of neighbors that get to know the gossip. We 
postulate that for scale-free networks the spreading time grows logarithmically with the degree of the victim 
and prove this statement for the case of the Apollonian network. Applying our concepts to real data from 
an American school survey, we confirm the logarithmic law and disclose that there exists an ideal number of 
acquaintances minimizing the fraction attained by the gossip. The similarity between the school survey and 
scale-free networks remains even for cases when gossip propagation only occurs with some probability q < 1. 
The spreading times follow an exponential distribution that can also be calculated analytically for the Apollonian 
network. When gossip also spreads through strangers the situation changes substantially: the spreading time 
becomes a constant and there exists no ideal degree of connectivity anymore. 

PACS numbers: 89.75.Hc 89.65.Ef 87.23.Ge 
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Gossip is so inherent to human nature that it was al- 
ready worshipped in the Greek mythology through the many- 
tongued Pheme. Its impact in history and in sociology is so 
large that its origins have been studied from many points of 
view |H|2,l3l- However, recent insights into the mathematical 
properties of social networks and, in particular, those 

involving friendships 0], open up a new way of understand- 
ing how the propagation of gossip depends on the connections 
between people. 

In the last years many network types have been proposed 
and investigated serving to describe phenomena ranging from 
the Internet, epidemics, rumor spreading and logistic plan- 
ning, to earthquake prediction, neural activity and immuno- 
logical defenses |4], yl |g, |H La nXJl . Correspondingly, many 
properties have been identified to characterize these networks 
for various purposes like the degree distribution, the short- 
est path, the cliquishness, the inbetweenness, etc. The study 
of gossip propagation, however, requires still another not yet 
considered analysis, giving rise to what we call the "spread 
factor" and the "spreading time" which we will introduce in 
this Letter and discuss its properties and applications. 

As opposed to rumors a gossip always targets the details 
about the behavior or private life of a specific person. Let us 
consider that individuals are vertices connected by bonds rep- 
resenting their acquaintance, constituting in this way a net- 
work. Gossip be it truth or falsehood is created at time t = 
about the "victim" by the "originator" which share a bond. In 
the most common case the gossip is only of interest to those 
who know the victim personally and we therefore first con- 
sider that it only spreads at each time step from the vertices 
that know the gossip to all vertices that are connected to the 
victim and do not yet know the gossip. Later we will also con- 
sider cases of more famous victims, like movie stars, about 
whom gossip can also spread to people they do not know. Our 
dynamics is therefore like a burning algorithm [ill], starting at 
the originator and limited to sites that are neighbors of the vic- 




FIG. 1: (Color online) Spreading of a gossip about a victim shown 
as grey (red) open circle on part of a real school friendship network 
of Ref. 11211. If the gossip starts from one of the white squared neigh- 
bors, no propagation occurs (/ = 0). If instead, one of the grey 
(yellow) squared neighbors starts the gossip, in a few time-steps five 
neighbors will know it, giving / = 5/7. The gossip spreads over 
the dashed (blue) lines. The clustering coefficient of the victim is 
C = 10/42 illustrating the significant difference between C and the 
spreading factor / (see text). For the white squares r = while for 
the leftmost grey square r = 3. 



tim. The gossip will spread until all reachable acquaintances 
of the victim know it, as illustrated by the squares connected 
by dashed lines in Fig^for a rea l friendship network from a 
recent study Jl2il . 

To measure how effectively the gossip attains the acquain- 
tances of the victim, we define the total number n/ of people 
who eventually hear the gossip in a network with N vertices 



FIG. 2: Semi-logarithmic plot of the spreading time r as a function 
of the degree k for (a) the Apollonian (n = 9 generations) and (b) the 
Barabasi-Albert network with N = 10 4 nodes for m = 3 (circles), 5 
(squares) and 7 (triangles), where m is the number of edges of a new 
site, and averaged over 100 realizations. In the inset of (a) we show 
a schematic design of the Apollonian lattice for n — 3 generations. 
Fitting Eq. to these data we have B = 1.1 in (a) and B = 5.6 for 
large k in (b). 



(individuals), and the minimum time r it takes to attain all 
these vertices which we call the "spreading time". In addi- 
tion, we define the "spread factor" as the fraction of attained 
vertices, / = rif/k, where k is the degree of the victim. It 
is interesting to note that / and the clustering coefficient C 
defined in Refs. Jl3lfl4ll are similar but different because the 
later one only measures the number of bonds between neigh- 
bors and contains no information about their global connectiv- 
ity. The quantities r and / are averages over all possible start- 
ing points of the gossip, i.e. over all neighbors of the victim. 
Here, we study these quantities on various networks, namely 
the Barabasi-Albert network fl5ll . the random gra ph fltill . the 
Apollonian network Ujft, the small- world lattice 11311 and an 
empirical friendship network obtained by interviewing 901 18 
students from 84 schools fl2il . 

In Fig.|2]we see the dependence of the spreading time r on 
the degree of the victim for two scale-free networks, namely 
the Barabasi-Albert and the Apollonian ones. In both cases r 
clearly grows logarithmically, 

t = A + Blogk, (1) 

for large k. In the case of the Apollonian network, one can 
even derive this behavior analytically. As seen from the inset 
of Fig. |2^, in order to communicate between two vertices of 
the n-th generation, one needs up to n steps, which leads to 
t oc n. Since, as shown in Ref. fl7il . k = 3 x 2"~ 1 , one 
immediately obtains that r oc logfc. In fact, we postulate that 
the spreading time over nearest neighbors is always asymptot- 
ically logarithmic in k for scale-free networks. 

We also see from the inset of Fig.|2^ that for an Apollonian 
network all neighbors of a given victim site can be reached by 



FIG. 3: (a) Spread factor / for the Barabasi-Albert network of N = 
10 4 nodes as a function of k for m — 3 (circles), 5 (squares) and 
7 (triangles). The inset shows the dependence of/onfc* = (fc — 
k m in)/(kmax—kmin), for the random graph with N = 10 3 sites and 
p = 0.02 (circles), 0.04 (squares) and 0.08 (triangles), (b) Spreading 
time t, clustering coefficient C /Co and spread factor / as a function 
of the logarithm of the rewiring probability p for the small-world 
lattice of N = 10 4 sites. Co = | is the clustering coefficient of a 
regular lattice. In all cases we average over 100 configurations. 



a gossip since they are all connected in a closed path surround- 
ing the victim site. This means that / = 1 which stresses the 
fact that the spread factor / is rather different from the clus- 
tering coefficient which in this case is C = 0.828 fTl . For 
other networks, the spread factor is typically less than unity 
and expresses how many neighbors belong to the same con- 
nected cluster, where the connectivity implies a neighborhood 
to the victim. We see in Fig.|5Ji the example of the Barabasi- 
Albert network for different values of m and notice that there 
exists a characteristic degree fen for which the relative damage 
due to gossip is a minimum. Moreover, larger values of m 
enhance the gossip spreading. The inset of Fig. [3^ illustrates 
the case of the random graph for different occupation proba- 
bilities p. We recognize that below the connectivity threshold 
p c of the random graph ITr3l . gossip spreading is very weak, 
while above p c rapidly the maximum / = 1 is attained. 

The linear chain with nearest and second nearest neighbors 
and a percentage p of rewired connections, as introduced by 
Watts and Strogatz foil , produces regular lattices (random 
graphs) for small (large) p and small-world networks for inter- 
mediate values of p, characterized by large clustering coeffi- 
cients and small shortest paths. Figure^ illustrates that both 
the spreading time t and the spread factor / have the same 
dependence on p as the clustering coefficient C, meaning that 
in small-world societies gossip spreads easily. 

Let us now compare these model networks with the real 
survey data from Ref. IU2I1 averaged over the 84 schools. The 
data for the gossip spreading are presented in Fig. |4] While 
for small k the spreading time grows linearly, for large k it 
follows a logarithmic law like in the case of scale-free net- 
works. The inset of Fig. 05, however, gives clear evidence that 
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FIG. 4: Gossip propagation on a real friendship network of American 
students U3l averaged over 84 schools. In (a) we show the spreading 
time r and in (b) the spread factor /, both as a function of degree k. 
In the inset of (b) we see the degree distribution P(k). 

the school networks are not scale-free. As in the case of the 
Barabasi-Albert networks, we find for the schools a character- 
istic degree ko for which / and therefore the gossip spread- 
ing is smallest. Consequently, there exists an ideal number of 
friends to minimize the danger of gossip. 

Another quantity of interest is the distribution P(t) of 
spreading times. In Fig. [5^ we see that for the Apollonian 
network this distribution decays exponentially. This behavior 
can be understood if we consider that P(t)cLt = P(k)dk and 
use Eq. Q together with the degree distribution, P(k) oc k 1 , 
to obtain 

P(r) oce T(1 - 7)/s , (2) 

for large k. The slope in Fig. [5^ is precisely (1 — -y)/B = 
-0.17 using B from Fig.EJi and 7 = 2.58 from Ref. fill . 
Interestingly, P(t) of the school network also follows an ex- 
ponential decay for large t, but with a 3.5 times smaller char- 
acteristic decay time, and has a maximum for small t, as seen 
in Fig.|5j3 (circles). There we also plot P(t) for the Barabasi- 
Albert network for m = 9 (solid line), which has a very sim- 
ilar shape but is slightly shifted to the right, due to the larger 
minimal number of connections. 

Not everybody likes to gossip, so that it seems realistic to 
consider the case in which the transfer from one person to the 
other only happens with a given probability q. Here we as- 
sume that the person to which a gossip did not spread at the 
first attempt, will never get it. In Fig. [6] we see the behavior of 
t and / for different values of q for the school networks and in 
the inset for the Barabasi-Albert network. When the spreading 
probability q decreases, the minimum in / first shifts to larger 
k and finally disappears. The asymptotic logarithmic law of r 
for large k seems preserved for all probabilities q. As in previ- 
ous cases, the Barabasi-Albert network has a similar behavior 
as the school friendships. The Apollonian network, however, 
behaves quite differently: r first increases with q and then 
eventually falls off to zero so that there exists a special value 



FIG. 5: Distribution P(t) of spreading times r for (a) the Apollonian 
network of 8 generations, and (b) the real school network (circles) 
and the Barabasi-Albert network with m = 9 and N = 1000 (solid 
line). 




FIG. 6: Gossip propagation on a real friendship network of American 
students 173l averaged over 84 schools. In (a) we show the spreading 
time r and in (b) the spread factor /, both as a function of degree k. 
The insets show the same data for the Barabasi-Albert network with 
m = 9 and N = 1000. In all plots one has q = (o), q = 0.25 (•), 
q = 0.5 (□), q = 0.75 (■) and q = 1 (A). 



Qmax ~ 0.75 for which the spreading time r is maximized. 

As mentioned above, one can also imagine gossip spreading 
over strangers, i.e., vertices which are not directly connected 
to the victim. We consider the following two cases: (i) the 
"2 neighbor" case, where besides nearest neighbors also all 
the next-nearest neighbors of the victim are involved in gossip 
spreading, and (if) the "entire network" case, where the gossip 
can spread over all vertices of the network. This last case 
could happen to a public person like a movie star about whom 
everybody likes to talk. One can then ask how long it takes 
until every attainable person on the network will receive the 
gossip, a time we call r max . 
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FIG. 7: Gossip propagation through the first two neighborhoods 
(open symbols) and through the entire network (full symbols) on the 
school networks of Ref. 1131 . We also show results for the Barabasi- 
Albert network with m — 7 for two neighborhoods (solid lines) and 
the entire network (dashed lines), (a) Spreading times as a function 
of degree k. For the entire network case, we also show the maximal 
time Tmax for the gossip to reach all students of the network (black 
squares), (b) Spreading factor f as a function of degree k. Here 
9 = 1. 

Astonishingly, in both cases the spreading time r and T max 
on school networks and also on the Barabasi-Albert networks 
become independent on k as seen in Fig.^t. In the "2 neigh- 
bor" case on the Apollonian network, however, r still in- 
creases logarithmically with k. The spread factor / looses 



its minimum and in the "entire network" case even rapidly 
reaches the maximum value of unity, as shown in Fig. 05. 
In other words, as opposed to people living in privacy, fa- 
mous people are more vulnerable to gossip and cannot limit 
the damage by choosing an ideal size for their friendship net- 
work. 

In summary, we have established a novel property of net- 
works related to the spreading of gossip. For real friendship 
networks stemming from a survey in 84 American schools, 
we discovered that, as long as gossip only spreads among per- 
sons knowing the victim, the spreading time grows logarith- 
mically with the number of friends and that there exists an 
ideal number of friends for which the spreading is minimized. 
The minimum shifts and finally disappears when the probabil- 
ity for gossip spreading decreases. The logarithmic law could 
be derived for Apollonian networks and we postulate it to be 
a generic property of scale-free graphs. The distribution of 
spreading times of school friendships is very close to that of 
the Barabasi-Albert network decaying exponentially for large 
times as could also be exactly derived for the Apollonian case. 
When gossip also spreads among strangers, the non-trivial de- 
pendency on the degree of connectivity disappears. Many 
more details on the issues presented here are being investi- 
gated and will be published in a forthcoming version. In the 
future, it would be interesting to study the spreading dynamics 
directly by surveys at different times. One of us (LdS) is al- 
ready making experimental studies on a planetary scale which 
will be published elsewhere. 
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financial support. 
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